The effect of local density of states (LDOS) fluctuations on the dynamics of a Kondo impurities in a small metallic point contact (PC) is studied. To estimate the spatial and energy dependent LDOS fluctuations we investigate a model PC by means of a transfer matrix formalism. For small PC's in the nanometer scale we find that near to the orifice strong LDOS fluctuations develop. These fluctuations may shift the Kondo temperature by several orders of magnitude, and result in a strong broadening of the PC Kondo peak in agreement with the results of recent measurements.
Magnetic impurities have been studied in the past few years very successfully using ballistic point contacts (PC's) [1, 2, 3, 4] . Very recently a thorough reinvestigation of the Kondo effect has been carried out by Yanson et al. [5] using small metallic PC's with the diameters in the mesoscopic range, d ∼ 20Å. Surprisingly, in contrast to measurements in thin metallic films and quantum wires, where a suppression of the Kondo effect has been found [6] , Yanson et al. observed a strong broadening of the zero bias Kondo peak which has been explained by the increase of the Kondo temperature of the impurities in the contact region [5] .
In this Letter we report on the first study of the local density of states (LDOS) and their effect on the Kondo resonance in small ballistic PC's. We find surprisingly strong LDOS fluctuations in the contact region which are generated by scattering of the conduction electrons at the surface of the PC and give a natural explanation to the broadening of the Kondo peak in very small PC's [5] .
The effect of LDOS fluctuations on the Kondo resonance has already been studied in the case of disordered metals [7] . However, Dobrosavljević et al. calculate the effect of the fluctuating LDOS only in the leading logarithmic order and their results are only valid in the case where the characteristic energy scale of the fluctuations, ǫ c is of the same order of magnitude as the bandwidth cutoff, D ∼ ǫ c . As we shall see in a PC ǫ c ≪ D thus we had to treat the fluctuations with more care. Furthermore, we also constructed the next to leading logarithmic scaling equations wich goes beyond the theory of Ref. [7] .
To study the effects of the LDOS fluctuations on a Kondo impurity we investigate the dynamics of a magnetic impurity in the contact region. For this purpose we use a simplified Hamiltonian. The first part of our Hamiltonian describes the conduction electrons: H 0 = n,σ ǫ n a + nσ a nσ , where the operator a + nσ (a nσ ) creates (annihilates) a conduction electron with spin σ, wave function ϕ n , and energy ǫ n . The states ϕ n are not momentum eigenstates but rather appropriately chosen scattering states of the PC. The interaction part of the Hamiltonian can be written as
where the impurity is at the position r, J is the strength of the local exchange interaction, and σ and S denote the spin of the conduction electrons and the impurity, respectively.
Far from the orifice the LDOS must approach its bulk value: ̺(r, ǫ) → ̺ bulk (ǫ). For the sake of simplicity we assume that the bulk DOS is constant between the high-and lowenergy cutoffs, ̺ bulk (ǫ) = ̺ 0 . However, approaching the contact region ̺(r, ǫ) deviates from its bulk value and random spatial and energy dependent LDOS fluctuations appear.
To estimate the amplitude of these fluctuations we carried out numerical calculations for a free electron model PC consisting of two infinite half-spaces connected by a cylinder of radius R and length L [9] . To simplify the calculations we used angular momentum eigenstates propagating along the axis z of the PC of the form:
where m is the angular momentum around the axis z and cylindrical coordinates have been used. The signs ± correspond to right-and left-going states, respectively, ǫ denotes the energy of the conduction electron, and J m stands for the m'th Bessel function. The z component of the momentum in Eq.(2), k z , can be expressed by the energy ǫ and the radial momentum λ of the electron as k z = (2m e ǫ−λ 2 ) 1/2 and k z = i(λ 2 −2m e ǫ) 1/2 for √ 2m e ǫλ and √ 2m e ǫ < λ, respectively ( m e denotes the electron mass). Since we require the vanishing of the wave functions at the boundaries, λ is a continuous parameter in the infinite half-spaces while it takes discrete values inside the tube.
The scattering matrices of the problem can be constructed by matching the wave functions and their derivatives at the two ends of the cylinder [9, 10] . Having obtained the scattering matrices one can proceed by constructing all the scattering states and evaluating the different physical quantities like the LDOS or the conductance of the PC [9] . In order to explore the effect of these LDOS fluctuations on the Kondo impurity we construct the next to leading logarithmic scaling equations for an arbitrary LDOS using the multiplicative renormalization group technique [11] . Following Abrikosov [12] we describe the impurity spin dynamics by means of a pseudofermion field, The pseudofermion Green's function, G(ω), and the vertex function, Γ nn ′ (ω) can be introduced in the usual way [12] . Due to the special structure of the interaction the self-energy of the conduction electrons [the vertex function] factorizes:
, where Σ(ω) and Γ(ω i ) depend only on the LDOS at the position of the impurity. Then the multiplicative renormalization group equations can be written in the form [11] :
where D ′ is the scaled bandwidth, Z is the pseudofermion wave function renormalization factor, and j ′ denotes the dimensionless scaled coupling,
Similarly to the case of Kondo impurities or two level systems in a smooth LDOS [11, 13, 17 ] the leading logarithmic terms in the scaling equation arise from the second order vertex corrections while the next to leading logarithmic terms are generated by the second order pseudofermion self energy corrections and the third order vertex corrections. Having calculated these diagrams one can easily generate the scaling equations using Eq. (3) and after some lengthy algebra one obtains:
where 
where δR(ξ) = R(ξ) − R bulk (ξ). The important feature of Formula (5) is the appearance of the weight 1/ξ in the exponent. The physical meaning of this factor is that the Kondo resonance is mainly formed by the low-energy electron-hole excitations. The contribution of high-energy electron-hole excitations is also significant but it is suppressed compared to that of the low-energy ones. Roughly speaking most of the sites with δ̺(ǫ F )0 will have an increased T K while impurities for which δ̺(ǫ F ) < 0 will tend to have a T K decreased.
The relative Kondo temperature T K /T * K can be easily estimated by substituting the ratio δR(ξ) of the free electron calculations into Eq.(5). The calculated average ratio < T K /T * K as a function of the radius R of the PC for fixed length L = 5Å is shown in Fig. 2(a) . The increased average Kondo temperature, < T K ∼ 1 − 10K, is orders of magnitude larger than bulk Kondo temperature, T * K = 0.01K, and is in reasonable agreement with the experiments (see the diamonds in the Figure) [19] . A rough fitting of our data with the experimentally found power law dependence < T K ∼ d −α gives an exponent α = 2.2 ± 0.5 which agrees qualitatively with the experimental exponent, α = 2. (Unfortunately, the available PC diameters were limited by our computer capacity and only a rough estimation of α could have been carried out.) As a comparison we also show the average < T K /T * K calculated by integrating the next to leading logarithmic scaling equations, Eq.(4). As one can see in Fig. 2(a) there is no significant difference between the next to leading logarithmic and the leading logarithmic results.
Determining the resistivity contribution of a magnetic impurity at a site r in an ultrasmall PC is a very complicated task because at the length scales involved in the problem the usual Boltzman equation description [14] breaks down, and presently there is no theory available which could take into account both the geometrical effects (i.e., the strong quantum interference) and the strongly correlated behavior of a Kondo impurity in the PC. Therefore we proceed in a semiquantitative way and we estimate the scattering rate 1/τ (ω) of a conduction electron passing through the orifice. This is connected to the imaginary part of the conduction electrons' self energy, 1/τ (ω) = −2 Im Σ(ω), and can be measured directly in a PC experiment [5, 14] . Since the conduction electrons' Green's function remains unrenormalized in the dilute impurity limit this scattering rate is simply proportional to (4)), the change in the conductance of the PC due to magnetic scattering can be estimated as
where c is the concentration of the impurities, < ... denotes the average over the contact region and Ω = 8R 3 /3 is the effective volume of the PC [5] .
The calculated amplitudes of the impurity contributions to the zero voltage conductance of the PC as a function of the system size are compared to the experimental data in Fig. 2(b) .
The average in Eq. (6) has been carried out over 40 randomly chosen impurity positions.
Both the amplitude of ∆G(R) and its sample to sample fluctuations are in very good agreement with the experiments. We stress at this point that there is no free parameter in Eq. (6) exept for the length of the PC which hardly influenced our results. To show that there is a striking size effect in Fig. 2 give no significant contribution to Eq.(6) the differential conductance is always dominated by the impurities with the largest Kondo temperatures. These arguments suggest that the sum in Eq. (6) is dominated by the magnetic impurities having large Kondo temperatures.
Therefore our theory gives a natural explanation why the applied magnetic field could not destroy the zero bias Kondo anomaly for small samples [5] .
One can also show analyzing formula (5) that for a fixed PC shape the relative increase of the Kondo temperature, T K /T junctions [16] .
In our simple model the LDOS fluctuations were basically connected to the openings of new conductance channels through the PC [9] . Such LDOS fluctuations, however, may also be generated by random scattering at the boundary of the PC. Effectively, it has been found recently that random scattering at the surface of a PC is able to produce huge LDOS fluctuations in the contact region [20] . Therefore we think that our conclusions are qualitatively independent of the special model considered.
The case of ultrasmall PC's with magnetic impurities [5] should be contrasted to the experiments performed on thin metallic films and wires [6] . In the latter case only alloys with 
